The parental behaviour of the Madagascan cichlid, Paratilapia polleni, was studied in the laboratory. According to current hypotheses of phylogenetic intrarelationship for the family Cichlidae, Paratilapia is a representative of a phylogenetically primitive cichlid lineage, and as such is of particular interest in comparative evolutionary studies. Given the basal phylogenetic placement of Paratilapia it seems reasonable to expect that, if maternal participation in brood care arose within the extant Cichlidae, then the proposed plesiomorphic system of extensive male care of eggs and embryos may be retained in this taxon. This is not the case, and already by the fertilized-egg interval male and female roles in Paratilapia are strongly differentiated with the female as the primary care giver. In addition to specialized behavioural roles, a unique egg morphology and mobile egg mass is described for Paratifapia. The results of the study are discussed in the context of theories of the evolution of maternal brood care within the Cichlidae.
Introduction
Cichlid fishes are noteworthy not only for their rapid taxonomic and morphological evolution (Echelle & Kornfield 1984 , Meyer et al. 1990 , Stiassny 1991 , but also for an array of specialized ecological and behavioural traits (Fryer & Iles 1972 , Keenleyside 1979 , 1991 , Loiselle 1985 . Perhaps not surprisingly in view of this, cichlids exhibit a wide array of reproductive and parental care styles, ranging from bi-parental nest spawning and guarding to paternal, or more commonly, maternal (uni-parental) mouthbrooding (Breder & Rosen 1966 , Noakes & Balon 1982 . Unusually among care-providing teleosts, female cichlids adopt a major role in parental care, often to the exclusion of the male (Keenleyside 1979 , Blumer 1982 . Since the ground breaking study of Baerends & Baerends van Roon (1950) there has been a considerable advance in our knowledge of the basic reproductive patterns of cichlid fishes (e.g. Fryer 1959 , Wickler 1967 , Barlow 1974 , Noakes & Balon 1982 , Keenleyside 1979 , 1991 , Baerends 1984 . Yet while many studies have aimed at an understanding of the evolution of parental care styles of cichlid fishes, attempts have been hindered by the lack of a broad phylogenetic context within which the disparate behavioural data could be situated.
While we are far from a detailed understanding of the precise interrelationships of the various ci- For a list of genera included in each named lineage, and characters defining the various assemblages see Stiassny (1987 Stiassny ( , 1990b Stiassny ( , 1991 chlid lineages (Stiassny 1991) , at least at the more inclusive levels, an hypothesis of relationship is now available. An overview of the phylogenetic intrarelationships of the major cichlid lineages and their geographical distributions is presented in Figure 1. When our basic knowledge of reproductive patterns are mapped onto this scheme (indicated by * in Fig. 1 ) it is evident that, with the notable exception of studies of the Asian genus Etroplus, (e.g. Barlow 1970 , Cole & Ward 1969 , Rechten 1980a ) data on cichlid reproduction and parental care have been derived exclusively from studies of phylogenetically advanced Neotropical and African taxa.
While we know nothing of the direct ancestry of the family (Stiassny & Jensen 1987) , as Figure 1 indicates, in the Madagascan taxa we have representatives of the most phylogenetically basal of the cichlid lineage(s). Clearly, these taxa occupy an important position with respect to the rest of the family and provide a unique resource for baseline studies; an analysis of the reproduction and parental care styles of these basal lineages provides the potential to begin to understand the temporal sequence of acquisition, and the role of reproductive diversification within the family as a whole (Stiassny 1992) .
Prior to the present study virtually nothing was known of the reproductive biology of the Madagascan Cichlidae. What scant information does exist is contained in a single fisheries report (Kiener 1963) , and an article published in an aquarium hobbyist journal (Catala 1977) . Neither are detailed studies, and both do little more than establish the fact that the Madagascan Cichlidae are bi-parental substrate spawners. Much of the reason for the dearth of information on the Madagascan Cichlidae results from the general unavailability of representative taxa (Loiselle 1985) . Fortunately, a recent ichthyological survey of the fresh waters of the eastern highlands and coastal plain of Madagascar (Reinthal & Stiassny 1991) has made a number of species available for study. This paper reports observations on the successful captive spawning of one of these species, Paratilapia polleni Bleeker, 1868.
Notes on the biology of Paratilapia polleni
The endemic Madagascan genus Paratilapia contains a single species, P. polleni (Kiener & Mauge 1966) . Prior to the extensive deforestation of much of the island, this species ranged more-or-less throughout Madagascan freshwaters (Kiener 1963) . Today the species has a severely restricted distribution, and has been displaced over much of its former range by the introduction of a number of exotic species, most noteably the large-mouth bass, Micropterus salmoides, and the snakehead, Ophiocephalus striatus (Raminosoa 1987 , Reinthal & Stiassny 1991 . The combined effects of habitat degradation and exotic species introductions has had a dire impact on the freshwater Madagascan ichthyofauna, and extinctions of endemic taxa have already been recorded (Stiassny 1990a , Reinthal& Stiassny 1991 .
Paratilapia is capable of surviving in a wide variety of habitats, water temperatures and chemistry. The species does not survive at temperatures lower than W-15" C and is therefore excluded from land much above 1500m (Kiener 1963) , but is able to thrive in the small soda lakes in the south of the island where temperatures of 40" C are commonly encountered (Catala 1977) . Paratilapia is rarely encountered in large numbers in fish catches and appears to be a more-or-less solitary species, although juveniles occur in aggregates (Stiassny personal observation).
Despite the large-mouthed, distinctly predatory facies of the species (Fig. 2 (Fig.  2) ) but males often have longer soft dorsal and anal fins, and during reproductive activity the male is frequently more vividly blackened with a more strongly contrasted blue spangling than the female whose ground colour is usually olive-brown with some golden and blue spangling on the flanks. Females also tend to be slightly deeper-bodied than males of equal size. Juveniles often display a series of dark vertical bands along the flanks, and have a typically ocellated tilapia-spot (Thys 1968) on the soft dorsal fin. Interestingly, with growth the tilapia-spot migrates down from the soft dorsal to a definitive position on the dorsum of the body by lengths of about 30 mm SL. This pelmatochromisspot (Thys 1968) is retained in adult fish (Fig. 2) . Spawning takes place in the warm season (October-March) and pairs often mate several times with a spawning peak in November (Kiener 1963) . According to Kiener (op. tit .) eggs are laid in a simple nest or in aquatic vegetation, where they are guarded without interruption by both parents; incubation lasts about 10 days at 22°C. Catala (1977, p. 32) maintains that Parutilupia spawns in a nest 10-20 cm diameter in a simple pit 30-40 cm in diameter where they have no protection other than the vigilant solicitude of the male and the constant attention of the female to aerate the eggs by movements of her pectoral fins (our translation). Catala (1977) claims that hatching takes place after 20 days, but does not specify the water temperature. Neither authors make any mention of egg morphology although Kiener (1963) notes that on average 80& 900 eggs are laid at first spawning to 3500 eggs by the second spawning of large females. Catala (1977) gives an estimate of about 1000 eggs as a normal clutch size. Our laboratory based observations accord well with these field data. However, we did note one anomaly; in all laboratory spawnings embryos were free of egg envelopes after only two days, rather than the extended period of l&20 days cited by Kiener (1963) and Catala (1977) . Laboratory water temperatures (28-30" C) were somewhat elevated when compared with Kiener's (1963) record at 22" C and this may account for the truncated developmental period although an incubation period of two days is standard for most substrate spawning cichlids (Breder & Rosen 1966 ).
Materials and methods
Juvenile Purutilapia polleni (l(r20mm SL) were collected in June 1988 by seine net in a large baylake (ca. 300m X 100m) by Salehy Village (48"50'E, 19"55'S; altitude ca. 10m). The lake is situated inland of the first coastal dune, 1 km south of the turn-off from Maralambo-Manajary road and is ringed by trees and coastal shrub vegetation, with some local disturbance and agriculture. Lake water is fresh, and turbid over the mud and sand bottom, in deeper water the lake floor was strewn with tree trunks and branches. The maximum depth of water is little more than 4 m. Water temperature was approximately 28" C.
The Parutilapia juveniles were collected in shallow water at the lake's edge by Salehy village, where they occurred in sympatry with Ptychochromis o&acanthus juveniles, Tilapia zillii juveniles (introduced species), Sauvugellu madugascariensis and Teramulus kieneri (Reinthal & Stiassny 1991) . Voucher specimens of Purutilupia polleni collected at this locality are housed in the collections of the American Museum of Natural History (AMNH 88101).
Despite intensive collecting efforts (seine, hook and line and trawling), and underwater observations (snorkeling) no adult Paratifupia were observed in the lake, although as no large inflowing streams were present it is assumed that the parental fish were present. On a return visit to the Salehy Lake in September 1990 additional juvenile Puru-tilapia were collected, but again no adults were observed. It is possible that local fishermen are selectively removing the larger specimens from the lake.
The 1988 collection was transported to the American Museum and raised in holding tanks maintained at 28"3o"C. The fish were fed twice daily on a mixed diet of commercial flake (Tetramin), frozen Tubifex, and commercial pellets (Doromin).
On June 18, 1990 five individuals (two males, 16.5,15.2cm SL, and three females, 10.5,12.0 and 12.9cm SL) were placed into a wooden octagonal tank (2 x 1.5 m). The bottom of the tub was covered with 6cm of aquarium gravel and fine sand, and supplied with rock caves, ceramic pots, slate and submerged drift wood providing hiding and spawning sites. After two days a pair had formed (male 16.5cm SL, female 10.5cm SL) and the remaining fish were removed. On June 27, two individuals (male 15.2cm SL, and female 12.9cm SL) were reintroduced to the tank, but separated from the paired couple, and from each other, by wire mesh barriers. The tank water was slightly brackish, with a pH value of 7.5-8.0 (1 heaped teaspoon of commercial brand non-iodised table salt added per 50 1). Water temperature was maintained between 28-30" C, and the fish were fed twice daily on a diet of frozen Tubifex worms, live meal worms and Doromin pellets. In addition to natural daylight, artificial fluorescent light was given from 700 to 1900 h.
The first spawning of this pair occurred on 18 July 1990, behaviour was observed and after two weeks the free-swimming larvae were removed. At the second spawning of the pair on 14 August videotaping commenced and continued until 26 August. Recordings were taken for five minute intervals each daylight hour, and focal sampling video records were made with minimal disturbance to the fish. Sequences were transcribed to data sheets and each behaviour of the pair was recorded. If an activity was discontinued, but immediately resumed, it was counted as a separate occurrence. The duration of behaviours was not recorded. The quantitatively followed sequence is of the second spawning of the pair. Qualitative descriptions of courtship, spawning and parental care are from the first and second spawnings.
The following behavioural action patterns were observed and recorded for analysis. Descriptions have been modified after several authors (e.g. Baerends & Baerends van Roon 1950 , Baerends 1984 , and are stated here for clarity: Chafe (CF) = swim rapidly towards the substrate or side of the tank, scraping the sides of the body. * Charge (CH) = rapidly approach conspecific with spread opercula and extended branchiostegal membranes. Clear (C) = extensive opening of mouth. " Dig (DG) = remove a mouthful of gravel. Eat (ET) = pick-up a mouthful of food from the substrate. * Fan (FN) = fanning of pectoral and caudal fins over egg mass. Mouth fight (MF) = two opponents attempt to grasp one another by the mouth, pushing and pulling (incomplete due to presence of mesh barrier). * Guard (GU) = standing (defending if necessary) within one body length of egg mass, free embryos and free-swimming larvae. * Nip (NP) = pick-up individual pieces of gravel from the brooding pit, clean and spit out. * Pick-up young (PY) = pick-up stray embryos or larvae and spit them back into the group. * Shovel (SH) = remove a mouthful of gravel and transport one or two body lengths with characteristic caudal undulations and pectoral fanning. * Threat (TH) = spread opercula and extend branchiostegal membranes at conspecific.
Because of the limited number of fish available for study, our spawning and parental care data represent repeated observations of a single pair of Paratilapia. Therefore, we present here an exploratory analysis (Martin & Bateson 1986) , and summarise our data in the form of standard transition diagrams ( Fig. 3 ) and mean daily frequency graphs (Fig. 4) . Sequence analysis contingency tables were generated in absolute frequency numbers for male and female behavioural categories at the fertilized-egg (embryo), free-embryo (= wriggler), and free-embryo n U 0 B U Free swimming larva swimming larval stages (Balon 197.5, 1984 , 1990 , Baerends 1984 . The matrices were constructed with diagonals, since we were interested in all transitions occurring (Perrone 1978) . All behavioural transitions are physically possible, and behavioural transition sequence diagrams were constructed for each parental care interval (Fig. 3) .
Parental care behaviour (marked with an asterisk*) was compared to chart differential male and female frequencies of response. Graphs were constructed comparing the mean daily frequencies (in absolute numbers) of the parental care behaviour for each of the five minute observation periods (Fig. 4) .
Results

Qualitative description of reproductive behaviour
Courtship and spawning Prior to spawning the male Parutilupia actively courted the female. The male fish developed a spectacular black breeding coloration with strongly contrasting light blue spangling on the flanks and soft dorsal fin. The male performed frequent 'body quivering' (Baerends & Baerends van Roon 1950) bouts in front of the female, and these were intermixed with repeated shovelling behaviour which resulted in the creation of a brooding pit. The pit was a shallow depression approximately 10cm in diameter excavated in the gravel in front of a ceramic cave which was open at both ends. As spawning approached, the female joined the male in shovelling and digging. On the day before spawning, both male and female became increasingly aggressive towards the two conspecifics on the other side of the barrier. On one occasion the male conspecific escaped into the pair's area. Mouth fighting and biting with the paired male ensued. After defeat, the intruding male was returned to his area behind the wire barrier. During this time the female remained olive-brown with pale golden -225 spangling on the flanks, unless showing aggressive behaviours, in which case she rapidly flushed blackish-brown or fully black with some blue and brown spangling.
On the day of spawning the female was highly responsive to the male, quivering in front of him and maintaining a blackish coloration with some blue and brown spangling. Her digging and nipping became increasingly localised in the brooding pit and inside the ceramic cave. At 1100 h the short, conical genital papilla of the female had fully descended. Spawning occurred at approximately 1430 h, with the female remaining inside the ceramic cave for most of the time. The male circled around and through the cave repeatedly, presumably inseminating the ova as the female extruded a continuous egg string. The male's genital papilla was not visible externally. Egg extrusion and insemination were partially obscured from view by the cave walls.
Egg structure
After spawning was completed, the cave was overturned to expose the egg string. Individual eggs were not attached to the substrate, as is common with other substrate spawning cichlids (Breder & Rosen 1966) , but instead were connected to each other. From an adhesive central fiber bundle radiated thinner fiber bundles each attaching to a single egg (Fig. 5) . About 1000 ovoid eggs were laid and each egg was transparent with an approximate diameter of 1 mm. Through the fanning activities of the female, the central adhesive fiber bundle became intertwined with itself and the eggs pulled together into a dense egg mass three or four egg layers deep, with a surface area of about 6cm*. The egg mass was not adherent to the substrate and was readily moveable by vigorous unilateral pectoral fanning by the female.
Parental care
The female alone fanned the egg mass, a central activity that occupied most of her time during this period. In fact, the female would occasionally charge the male if he approached too near to the mass. Since the egg mass was free from the substrate, the female was able to move it over short distances (6-10cm) by unilateral fanning of her pectoral fins. The male maintained a position on the periphery of the brooding pit frequently charging and threatening the interested conspecifics at the barrier. He continued to deepen and expand the brooding pit until the depression was approximately 20cm in diameter. The female rarely left the egg mass, and then only to dig-out a small area under a rock at the periphery of the brooding pit. When the female did leave the mass, the male moved in closer (one body length from the mass) and guarded it. After two days the embryos had hatched and were free of their egg envelopes. This incubation duration is considerably shorter than that reported by Kiener (1963) or Catala (1977)) but is typical for cichlid substrate spawners (Breder & Rosen 1966) . The attachment of the free embryos was on top of the gravel in the brooding pit, a few centimeters from the spawning site in the ceramic cave. Parental fish were not observed transferring the free embryos by mouth, nor was there any fanning of them. Light microscopic examination of 12 h old free embryos revealed head gland structure typical of substrate spawning cichlids (Jones 1972) . During the free-embryo phase, parental care was limited to passive guarding and the picking-up of disattached embryos and spitting them back into the central group for reattachment. This was done primarily by the female, and occasionally, considerably more clumsily, by the male. The free embryos remained in the same location until free-swimming three days later.
During the free-swimming interval both parents travelled with the shoal of larvae, but did not appear to lead, and no obvious pelvic fin flickering (Cole & Ward 1969 , Baldaccini 1973 or jolting behaviours (Baylis 1974, Keenleyside 1979) were observed. As the days passed, the free-swimming shoal travelled together throughout the tank. As the shoal approached the wire barrier, the parents became increasingly agitated and aggressive towards the conspecific adults on the other side of the barrier. These responses included repeated charges and attempts at mouth-fighting. The female's defensive tactic was to charge and immediately return to the shoal, while the male often stayed at the barrier for longer periods of time. Except when aggressively interacting with conspecifics, the male's colouration was non-reproductive, being olive-brown with pale blue-brown spangling. At the onset of the free-swimming interval the female developed a vivid black ventral body and pelvic fin colouration which contrasted strongly with her now pale brown dorsal and lateral body colouration.
The young were removed after thirteen days since the parents were beginning to catch and eat straying individuals.
Descriptive sequence transition analysis Figure 3 represents the behavioural transitions of male and female Paratilapia at the egg, free-embryo and swimming-larva developmental intervals of the offspring. Important transitions for the fe-male in the egg interval involved fanning behaviour. Fanning preceded digging and nipping, while it followed nipping, digging and charging. The male did not fan at all and important transitions involved charging preceding and following guarding, and shovelling leading to other bouts of shovelling and guarding.
Dominant female transitions at the free-embryo phase included several behaviours (guarding. nipping, digging, picking-up young) leading to picking-up young, or several (eating, charging, chafing) leading to guarding. For the male the dominant behaviour involved threat leading to guarding transition.
Differences in paternal transitions were virtually non-existent by the free-swimming larva period.
Parental care data
Parental care patterns are represented at three developmental phases (Fig. 4) : fertilized egg, freeembryo and free-swimming larva. At the point of transition between the free-embryo and free-swimming larva stages the category containing the greatest proportion of the young was selected. Fanning, digging and nipping were only performed by the female. Charge was the most changeable behaviour. The male performed more charges at the egg phase, while the female fanned the egg mass. This changed during the free-embryo phase, such that by the free-swimming larva period the female performed more charges than the male. The female also performed more picking-up of young at the free-embryo phase and early in the first day of free-swimming.
No guarding behaviour was recorded for the female during the egg phase since she was continuously occupied with fanning the egg mass, but she guarded more than the male during the free-embryo and free-swimming larva intervals. Shovelling was performed more often by the male during the egg phase but little difference was noted by the free-embryo and free-swimming larva intervals. Threat behaviours were not markedly different between male and female during any developmental interval.
Discussion
In the great majority of teleost families in which parental care has evolved, it is the male that is the primary, and usually exclusive, care giver (Breder & Rosen 1966 , Blumer 1982 . Beyond courtship and spawning, females play little or no role in the care of their progeny. Cichlid fishes are therefore notable among care providing teleosts in that the female adopts a major, and often exclusive role in the parental care of embryos and free-swimming larvae. Attempts at explanation of this 'anomaly' are manifold (e.g. Barlow 1974 , 1984 , Baylis 1974 , Perrone & Zaret 1979 , Noakes & Balon 1982 , Gross & Sargent 1985 . All make the reasonable assumption that the plesiomorphic state of biparental care arose (in cichlid ancestry) from a system of primary male care of eggs and embryos, with a gradual increase and ultimate usurpment of care provision by the female. Actually there is little evidence of a homologous transition in the parental behaviours in related labroid families (Kaufman & Liem 1982 , Stiassny & Jensen 1987 . The Labridae exhibit a general pattern of protogynous hermaphroditism with a polygynous social system (Barlow 1984) involving no parental care of eggs or embryos. The Embiotocidae are live bearers with fullterm internal gestation (Shaw 1971 , Blumer 1982 and no parental care. The Pomacentridae exhibit a general pattern of exclusive male care of demersal eggs that hatch into pelagic embryos and larvae. Interestingly, one species of damsel fish, Acanthochromis polyacanthus, does engage in biparental care of free-swimming larvae in a manner resembling that of substrate-spawning cichlids (Robertson 1973 , Barlow 1984 . Maternal investment in the care of offspring appears to be an innovation of the family Cichlidae, and relevant outgroup data are not available to aid in understanding the evolutionary sequence of the origin of that behaviour within the family. In view of this, evidence for the proposed behavioural transition to maternal care in the Cichlidae must come from studies of cichlid species themselves.
Within the Cichlidae it is tempting to hypothesise an evolutionary sequence from species show-ing little differentiation in male and female roles (e.g. Etroplus maculatus, etropline: Cole & Ward 1969; Pterophyllum scalare, cichlasomine Gp.A: Chien & Salmon 1972), to systems in which the female provides somewhat more direct care of eggs and free-embryos than the male (e.g. Tilapia mariae, tilapiine: Baldaccini 1973; Herotilapia multispinosa, cichlasomine Gp.A: Smith-Grayton & Keenleyside 1978)) to almost exclusive maternal care of eggs and free-embryos (e.g. 'Cichlasoma' species, cichlasomine Gp.A: Barlow 1974; Boulengerochromis, 'the rest': Kuwamura 1986). The hypothesised endpoint of such a behavioural transition is the evolution of polygyny and ultimately maternal mouth brooding (Fryer & Iles 1972 , Peters & Berns 1982 . However, mapping this set of behavioural transitions onto a scheme of interrelationship for the various taxa (Fig. 1 ) reveals no sequential pattern of behaviour acquisition in these taxa. Studies within the Cichlidae do not appear to corroborate the hypothesised series of sequential behavioural modifications leading from primary male care, through increasing female participation, to primary care by females.
Nonetheless, given such a scenario and with no relevant outgroup data, it seems a reasonable expectation that in a phylogenetically primitive cichlid taxon such as Paratilapia, we may find evidence of the proposed plesiomorphic system of extensive male care of eggs and embryos, or at least muted sexual differentiation of roles. Interestingly this is not the case, and in Paratilapia polleni male and female roles are already strongly differentiated at the fertilized egg stages. The female is the primary care giver, even to the extent of chasing the male away if he approaches the embryos too closely. Similarly, fanning of the eggs is solely a female task. This represents a marked division of labor, similar to that of the Lake Tanganyikan endemic, Boulengerochromis microlepis, where the male would approach the nest and fertilized eggs if the female briefly left, but never exhibited fanning behaviour (Kuwamura 1986).
In the free-embryo and free-swimming larva stages, parental care behaviours are common to both sexes but differ quantitatively (Fig. 4) . Contrary to reports for many other cichlid species (e.g. Baerends & Baerends van Roon 1950 , Breder & Rosen 1966 , Keenleyside 1979 , in Paratilapia polleni parental fanning does not continue into the free-embryo phase. In addition, parental fish were not observed transferring eggs or free-embryos from pit to pit. The only mouthing behaviour observed occurred when free-embryos were picked up (primarily by the female) and spat back into the group for reattachment. This is a noteworthy absence of a typical cichlid behaviour in Paratilapia, particularly as the mouthing and oral transfer of eggs and embryos by parental fish has been suggested as a transition behaviour or preadaptation for mouthbrooding (Fryer & Iles 1972 , Keenleyside 1979 , a behaviour that has arisen independently at least three times within the family (Fig. 1,  mouthbrooding occurs in lineages marked with black cross-bars).
At the free-embryo phase guarding is an important female behaviour, although other primary defensive behaviour such as charging shows no marked differences between the sexes. However, by the larva period the female performs more charges, often swiftly attacking the proximate intruder at the barrier, and quickly returning to the shoal of larvae. The male tends to remain at the barrier for longer periods, thus performing less charges. Itzkowitz & Nyby (1982) have suggested that such an inequality may be due to the larger, more intimidating size of the male which allows for less defensive behaviour than in the smaller female (see also Fryer & Iles 1972) .
The differentiation of parental roles in Paratilapia at the larval stages contrasts with that of most other substrate-spawning cichlids where quantitative differences in male/female behaviour are all but negligible (e.g. Baerends & Baerends van Roon 1950 , Cole & Ward 1969 , Barlow 1974 , Baylis 1974 , Smith-Grayton & Keenleyside 1978 , Keenleyside 1979 , Lavery et al. 1990 ). Further adding to the evidence of late differentiation of parental roles in Paratilapia is the development of a striking inverse counter-shading in the female at the onset of the free-swimming larva period. Inverse counter-shading has been reported for a number of reproductively active cichlid species (e.g. Herotilapia multispinosa: Baylis 1974; 'Cichlasoma' biocellatum: Baerends & Baerends van Roon 1950; Etroplus maculatus: Rechten 1980), but in each of these cases both parents exhibited the colouration. Since only the female Paratilapia exhibits countershading it seems reasonable to assume that a further division of parental roles is occurring with respect to an unidentified maternal young interaction.
We are aware of the problems associated with aquarium-based behavioural studies (e.g. Fernald & Hirata 1977 , Rechten 1980a , and the caution needed when extrapolating their results to natural systems. However, based upon our observations it seems reasonable to conclude that if the proposed behavioural transition, from a primitive system of male care of eggs and embryos through increasing female participation of brood care to primary female care of eggs and young has occurred, its origination long predates the origin of the extant Cichlidae. In living cichlids, instead of a sequential pattern of modification of parental care behaviour in progressively more phylogenetically derived cichlid clades we find a mosaic occurrence of seemingly comparable behavioural patterns in diverse lineages. At least at the levels considered here, a profound flexibility with multiple independent originations and/or reversals appears to be the dominant theme of behavioural evolution within the Cichlidae.
Egg morphology
It has been noted earlier that fanning of the eggs is solely a female activity, and during this time the female spends most of her time tending and fanning the egg mass. Although quantitative data are not yet available it appears that the high proportion of time that the Paratilapia female spend fanning the egg mass may be related to the peculiar threedimensional structure of the mass. The requirement of oxygenation of eggs in the middle of the mass may be a constraining factor limiting female activity to egg care and fanning.
Whatever the behavioural ramifications may be, a major difference between Paratilapia and all other substrate spawning cichlids is evident in the morphology of the eggs and in the presence of a mobile egg mass (Stiassny et al. unpublished) . Typically during the maturation of the eggs of substrate spawning cichlids, the zona radiata of the oocyte is covered by a chorion with a profusion of fine adhesive filaments, and glutinous secretions are adhered to the egg surface before it is laid (Kraft & Peters 1963 , Fryer & Iles 1972 . The eggs are oviposited individually and are adhered to the substrate by the sticky mucous coating and/or adhesive filaments (Wickler 1956 , Breder & Rosen 1966 . At points of contact between eggs, egg to egg attachment is facilitated by the mucous coating and fine filamentous threads (Kraft & Peters 1963) . Eggs usually adhere to the substrate in a single layered egg plaque (Greenberg et al. 1965 , Loiselle 1985 , Ostrander & Ward 1985 , although in at least one species, Boulengerochromis microlepis, the egg plaque may be up to three egg layers deep. Interestingly, in this species it is the female alone that fans the egg mass (Kuwamura 1986).
With respect to egg morphology, the situation in Paratilapia differs radically from that of other cichlid species. As is illustrated in Figure 5 , Paratilapia eggs are attached to one another by a central adhesive filament string. Smaller filament bundles branch off the central string and attach to individual eggs. The initial fanning activities of the female tangles the central string causing the individual egg filament bundles to become intertwined with the central string and with one another pulling the individual eggs into a dense mass three or four eggs deep. At all times the egg mass remains free from the substrate and is readily moved by vigorous unilateral pectoral fanning by the female. Although the egg mass was rarely moved distances greater than 5-10 cm, fanning manipulations of the female facilitated effective temporary concealment of the eggs beneath and between rock crevices.
Moveable egg plaques have been described for some other cichlid species (e.g. Geophagus jurupari, Cichocki 1976; Aequidens paraguayensis and Ae. coeruleopunctatus, Timms & Keenleyside 1975) . However, these systems involve the deposition of the egg plaque onto a disattached leaf which is then dragged to different locations by the parent fish. While seemingly providing a functionally analogous mobile nest, this loose leaf system involves no morphological specialization of the eggs themselves.
The morphological features of egg structure in Purutilupia are unique among cichlids (and other perciforms) studied to date, and undoubtedly represent an evolutionary specialization of the clade. In this regard, information on the egg morphology of the remaining Madagascan Cichlidae is highly desirable, and may prove to be of some importance in future studies of the phylogenetic intrarelationships of these basal cichlid lineages (Stiassny 1991) .
In view of the paucity of information on the reproductive biology of the evolutionarily important cichlid fauna of Madagascar we hope that this preliminary study provides a starting point for future work, and will act as an incentive for continued efforts at gathering critical field observations.
